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Description 

THIS INVENTION relates to new polypeptides of interest in the detection of abnormalities in mammalian 
cell growth. 

5 Regulation of the proliferation of cells in culture can be influenced by a number of mitogens including a 
series of polypeptide growth factors which, acting alone or synergistically with other mitogens, can induce 
DNA synthesis and proliferation of specific target cells. (For recent reviews see ref. 1). Epidermal growth 
factor (EGF) and platelet derived growth factor (PDGF) are probably the best characterised growth factors, 
however the precise function of these polypeptides in vivo is unclear. EGF may have a role in cell 

10 proliferation and differentiation since it will induce early eyelid opening and incisor development in new born 
mice (2); PDGF on the other hand, which is released from platelets during blood clot formation at wound 
sites, may have a role in repair processes (3). These and other growth factors in vitro can trigger a variety 
of morphological and biochemical changes that resemble those characteristic of transformed cells, and have 
also been implicated in the abnormal regulation of proliferation shown by transformed and tumour-derived 

75 cell lines (reviewed in (4,5)). Thus it has been suggested that transformed cells may both synthestse and 
respond to growth factors and consequently proliferate independently through 'autocrine' secretion (6). 
Direct support for such an autocrine role for aberrantly expressed growth factors in the control of abnormal 
cell proliferation came recently from the discovery that the putative transforming protein (p28 s,s ) of simian 
sarcoma virus (SSV) is structurally related to the growth factor PDGF (7-9) and can also function like PDGF 

20 as a growth factor for cells in culture (10). Other growth factors produced by transformed cells such as 
insulin-like growth factor (IGF) (11,12), fibroblast derived growth factor (13,14) and the transforming growth 
factors (TGFs) (15-20), may also act as autocrine regulators of proliferation. Besides the specificity 
mediated by regulation of the production of growth factors, cellular specificity could also be controlled at 
several other levels - the most obvious being by binding of ligand to specific receptors present only on 

25 target cells. In addition the binding of one growth factor to its specific receptor can also alter the affinity of 
another growth factor for its receptor (e.g., PDGF and the EGF receptor (21,22)). Conversely two growth 
factors may, as appears to be the case with a TGFs and EGF, bind to the same receptor (23,24). 

It is clear that binding of different growth factors to their specific receptors can induce a cascade of 
biochemical events including rapid changes in ion movements and intracellular pH, stimulation of tyrosine 

30 specific protein kinases and several other changes which can culminate in DNA synthesis and proliferation 
of certain target cells (1,4-6). It seems likely that at least in the case of the EGF receptor the primary 
function of EGF may be to induce cross-linking or conformational changes of receptors, and that following 
such an activation step, all the 'information* necessary for triggering a proliferative response may reside in 
the receptor itself (see reviews in reference 1). One known function intrinsic to the EGF receptor is its ability 

35 to phosphorylate tyrosine residues (25-28), a property shared with 5 of the putative transforming proteins of 
the family of retrovirus whose oncogenes are related to src but not by 2 others, the proteins encoded by 
mos and erb-B (29). At present this tyrosine kinase activity provides the only functional activity associated 
with the oncogenes of this subset of retroviruses. None of this family of oncogenes has heretofore been 
identified as having a cellular homologue that functions as a growth factor receptor. 

40 We have determined the amino acid sequence analysis of 6 distinct peptides from human EGF 
receptors isolated by monoclonal immunoaffinity purification from A431 cells and placents, and show that 
74 out of 83 of the residues sequenced are identical to those of the transforming protein encoded by the v- 
erb-B oncogene of avian erythroblastosis virus (AEV) (30). Subsequent work confirms the homology 
between the v-erb-B oncogene and the human EGF receptor and describes the remaining homologous 

45 sequences which show that AEV has acquired cellular sequences encoding only a portion of the avian EGF 
receptor. Several lines of evidence suggest that the v-erb-B oncogene encodes only the transmembrane 
region of the EGF receptor, the domain associated with the tyrosine kinase activity and a short region of the 
receptor not including the EGF binding site. We believe that the src related subset of oncogenes, which 
includes v-erb-B, are derived from cellular sequences which encode" growth factor receptor's and produce 

50 transformation through expression of uncontrolled receptor functions. 

We have discovered that the v-erb-B oncogene contains significant homology with the human EGF 
receptor. We conclude that structural alterations of the human EGF receptor and its gene or alterations in 
transcription and expression of the human EGF receptor gene are capable of being integrally involved in 
tumourgenesis in humans and that accordingly it is now apparent that assays and therapies involving the 

55 human EGF receptor are warranted as a measure of or for the control of tumours in humans. 

Such assays in humans can involve detection in body fluids or tissues etc., of structurally altered or 
abnormally expressed growth factor receptors and the mRNA transcripts and genes which encode them. 
Examples of such structural alteration are truncation of the receptor at at least the N-terminus. Therapy may 
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involve the use of reagents e.g. antibodies that recognise the abnormal receptors. The assays can be 
carried out at protein level, RNA level or DNA level. Initially, our knowledge of part of the amino acid 
sequence of the receptor allowed us to generate reagents of value in diagnosis and our later determination 
of the full amino acid sequence of the receptor has extended our knowledge in this area. 
5 Examples of such reagents are synthetic polypeptides I of the sequence or including the sequence 



ELVEPLTPSGEAPNQALLR 


la 


or VLGSGAFGTVYK 


lb 


or GLWIPEGEK 


Ic 


or YLVIQGDER 


Id 


or DWDADEYLIPQQGFF 


le 


or GSHQISLDNPDYQQDFF 


If , 



15 Polypeptides including the sequences la- If are examples of truncations of EGF receptors and when we 
refer below to polypeptides I we mean to refer not only to the polypeptides including the sequences la to If 
above but also to other EGF receptor fragments truncated at at least the N terminus. 

By "synthetic" we mean chemically synthesised, e.g. by solid phase techniques, or biochemically 
synthesised by cells that do not, in their natural state, biosynthesise polypeptides I as defined above. 

20 In the Specification, we are using the Internationally recognised abbreviations for the naturally occurring 
L-amino acids as set out in Atlas of Protein Sequences (1972). 
Specifically, the following abbreviations are used: 



A 


= Alanine 


L = Leucine 






M = Methionine 


C 


= Cysteine 


N = Asparagine 


D 


= Aspartic acid 


P = Proline 


E 


= Glutamic acid 


Q = Glutamine 


F 


= Phenyl alanine 


R = Arginine 


G 


= Glycine 


S = Serine 


H 


= Histidine 


T = Threonine 


I 


= Isoleucine 


V = Valine 


K 


= Lysine 


Y = Tyrosine 






W = Tryptophane 



Polypeptides I are of interest in the diagnosis of abnormalities involving the EGF receptor in neoplastic 
and other diseases. For this purpose, interest centers not only on the polypeptides I themselves but also on 
their analogues, e.g. phosphorylated analogues and analogues in which a group such as a lipid group is 
40 introduced into the molecule to facilitate drug targetting. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the immunopurification of EGF receptor from A431 cells and human placenta. 
45 Figure 2 shows the optical density of an eluate at 206nm plotted against acetonitrile concentration in 
reverse phase HPLC analysis of tryptic peptides from EGF receptor. 

Figure 3 shows optical density of eluates at 206nm plotted against acetonitrile concentration produced 
in the purification of peptides from EGF receptor for sequence analysis. 
Figure 4 shows a sequence analysis of peptides from the EGF receptor, 
so Figure 5 shows the relationship between the amino acid sequence of the EGF receptor peptides and 
the predicted amino acid sequences of the putative transforming proteins of v-src and v- erb-B . 

PURIFICATION OF THE EGF RECEPTOR 

55 EGF receptors can be detected in a variety of cells either by measurement of EGF binding (reviewed in 
31), by cross-linking of labelled EGF to its receptor (reviewed in 32), or through the use of monoclonal 
antibodies (33-38). In this study the receptor has been purified from two sources: the human epidermoid 
carcinoma cell line A431 which expresses about 50-fold more receptors than the majority of other cells 
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(39,40) and human placenta (41) which is a readily available normal tissue. The recent isolation of 
monoclonal antibodies which recognise the human EGF receptor (34,38) has made it possible to use 
immunoaffinity chromatography for receptor purification. Here we compare by peptide mapping EGF 
receptor protein purified by either immunoaffinity or EGF affinity chromatography (26) and also compare the 

5 structures of the A431 and placenta! receptors. 

A radioimmunoassay (RIA) which uses a monoclonal antibody (R1) has been used to quantitate various 
preparative techniques (42). Receptors from A431 cells and placenta were both found to be unstable in 
detergent-solubilized whole cell or tissue lysates, perhaps as a result of the release of proteases from the 
cellular lysosomal compartment. This problem was overcome for placenta by the preparation of syn- 

w cytiotrophoblast microvillus plasma membranes and as a result a 50-fold purification with a 30% yield of 
receptor was achieved. Unfortunately, with A431 cells the yield of receptor in plasma membrane prepara- 
tions was im practically low. However quantitative studies with the receptor RIA showed that rapid adjust- 
ment of the lysate pH to 8.5 followed by fast immunoaffinity chromatography of whole cell lysates 
minimised the effects of the proteases. 

75 Placenta) membranes were solubilized and glycoproteins separated by wheat germ agglutinin (WGA) 
affinity chromatography to achieve a partial purification. EGF receptor was then purified from the placental 
glycoprotein fraction or from A431 cell lysates by immunoaffinity chromatography on either monoclonal 
antibodies R1 (34) or 29-1 (38) immobilised on agarose or Sepharose respectively. Non-specifically bound 
protein was removed by washing the columns with a high salt buffer and the receptor was eluted at pH 3. 

20 The receptors were further purified either on preparative SDS polyacrylamide gels or by gel permeation 
HPLC in guanidine solutions (43). Details of the methods used and the yields of purified receptors are given 
in the legends to Fig. 1 . Since the EGF binding and protein kinase activity were partially destroyed during 
purification, receptor was also purified by EGF affinity chromatography (26). Comparative HPLC tryptic 
peptide maps were then carried out to establish the purity and structural similarity of receptor prepared by 

25 immunoaffinity chromatography from A431 cells and placental tissue. The peptide maps of the receptors 
(see Fig. 2) showed that the elution profiles of the receptor tryptic peptides were very similar whether 
receptor was purified by EGF affinity or by immunoaffinity chromatography, from A431 cells or from 
placental tissue. 

30 AMINO ACID SEQUENCE DETERMINATION 

Receptor was purified by immunoaffinity chromatography followed by either preparative SDS gel 
electrophoresis or by gei permeation HPLC in guanidine (43) after reduction and alkylation (44) to cleave 
disulphide bonds (see Fig. 1). Purified receptor was then digested with trypsin or cyanogen bromide (see 
35 Figs. 2 and 3) and peptides were separated by preparative reverse phase HPLC (45.46) (Fig. 3). Amino acid 
sequences were determined with a gas phase sequencer constructed and operated as described by Hewick 
et al., (47) using the analytical techniques for the quantitation of PTH amino acids described by Waterfield 
et a!., (48). The quantitative data for analysis of 6 peptides are shown in Fig. 4. 

ao SEQUENCE COMPARISON WITH v-erb-B TRANSFORMING PROTEIN 

The amino acid sequences' of 14 different peptides from the human EGF receptor, 3 from placenta and 
11 from A431 cells, were compared with sequences in an oncogene sequence data base (set up at ICRF 
using published sequences) by the rapid search techniques of Wilbur and Lipmann (49). A remarkable 

45 identity was found between the sequences of 6 of these peptides and regions of the predicted sequence of 
the putative transforming protein v-erb-B of the AEV-H (30). Of the 83 amino acid residues from these 6 
sequenced peptides, 74 residues were identical and 4 showed conservative substitutions when they were 
aligned with the v-erb-B encoded protein sequence, as shown in Fig. 5. Peptide 1 was located near the 
amino terminus of the v-erb-B protein (residues 107-125) and peptide 6 at the C-terminus (residues 583- 

50 599), with the other 4 peptides in between. It was not necessary to introduce any deletions or insertions into 
the sequences to optimise the alignments. 

Although the full extent of the similarity between the v-erb-B protein and EGF receptor sequences is not 
revealed by these limited sequence studies, it is likely that the region of the v- erb-B protein from residue 
107 to the C-terminus has extensive homology to the EGP receptor. The degree of identity observed is very 

55 high and since the v-erb-B sequences of AEV were presumably of avian origin (30) while the EGF receptor 
sequences were from the human protein, it is likely that the v-erb-B sequences were mainly acquired by 
AEV from those cellular sequences which encode the avian EGF receptor. This suggests that the c-erb-B 
locus encodes the EGF receptor in humans and birds. 
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The amino acid sequence of 8 of the 14 peptides purified from the EGF receptor (data not shown) 
could not be aligned with the predicted sequences of the v -erb-B protein. Since the polypeptide backbone 
of the EGF receptor glycoprotein is thought to be about 1250 amino acids (50) and the predicted v-erb-B 
protein is only 604 amino acids (30) the most likely explanation is that these 8 peptides are encoded by a 

5 region of c-erb-B which has not been acquired by AEV. This could have arisen by a recombination event(s) 
which resulted in only a part of the EGF receptor coding sequences being acquired by AEV: Although it is 
possible that DNA rearrangements of receptor coding sequences occur similar to those found with 
immunoglobulins, it is more likely that differential mRNA splicing would be involved in any such recom- 
bination events. It has been shown that avian cells contain two c-erb-B related transcripts (51) and studies 

io of the biosynthesis of the EGF receptor in A431 cells suggest that both a normal and a truncated receptor 
may be synthesised (50). Alternatively 2 or more loci encoding polypeptides having very similar amino acid 
sequences to those of the EGF receptor exist on chromosome (vide infra). An example of two closely 
related putative transforming proteins with tyrosine kinase activity has been reported in studies of the avian 
retroviruses Rous sarcoma virus (RSV) and Y63 (52). The predicted amino acid sequences of the proteins 

75 encoded by the src and yes oncogenes were shown to be 82% homologous over a region covering 436 
amino acid residues (while the DNA sequences were only 31% homologous overall) and presumably the 
chicken genome contains both src and yes proto-oncogenes encoding separate proteins sharing extensive 
regions of sequence. It is not know whether human c-src and c-yes are encoded by closely linked loci. 
However, analysis of human-mouse somatic cell hybrids has shown that the locus encoding the human EGF 

20 receptor is on chromosome 7 (7p13-7q22) (53-55) and that for c-erb-B is in the same region of this 
chromosome (7pter-7q22) (56). 

SHARED REGIONS OF SEQUENCE 

25 Several lines of evidence suggest that the EGF receptor protein can be divided into 3 major domains; 
an EGF binding domain which lies external to the plasma membrane, a transmembrane domain and a 
cytoplasmic kinase domain having both the kinase activity and the autophosphorylation sites. 

Investigations of receptor biosynthesis show that the A431 receptor is a glycoprotein of apparent 
molecular weight MW 175,000, having approximately 37,000 MW of oligosaccharide side chains with a 

30 polypeptide backbone of approximately 138,000 MW (about 1,250 amino acids). Limited proteolysis of the 
mature receptor suggests that the domain external to the plasma membrane which contains the oligosac- 
charide side chains and the antigenic sites for monoclonal R1 has a MW of about 115,000 (about 640 amino 
acids) (50). Several studies show that the EGF binding site is external to the plasma membrane (25,31 ,32). 
The location of the tyrosine kinase enzymatic activity and the autophosphorylation sites on the 

35 cytoplasmic domain is supported by studies made using A431 and placental membrane vesicles. 

These show that EGF stimulated tyrosine kinase activity directed towards artificial substrates or towards 
autophosphorylation sites is significantly activated only after membrane permeabilization. Furthermore, the 
tyrosine kinase activity can phosphorylate pp36 - a protein known to be located at the cytoplasmic aide of 
the membrane (57). In addition recent studies show that antibodies raised against synthetic peptides from 

40 pp60 v ~ src recognize antigenic sites on the human EGF receptor that are from regions of sequence 
homologous to the sequence of v-erb-B (vide infra). These sites are only accessible in permeabilized cells . 

Autophosphorylation sites are located within peptide 5 (EGRC.1), a 20,000 molecular weight cyanogen 
bromide fragment which contains 70% of the 32 P-label present in the autophosphorylated receptor (see Fig. 
3A). Although the precise location of the residues phosphorylated has not been determined a concensus 

45 tyrosine phosphorylation sequence (58) was found near the amino terminus of this peptide. Therefore we 
believe that the tyrosine phosphorylation sites lie within the cytoplasmic domain of the EGF receptor which 
is contained in the sequence shared with the v-erb-B protein. 

Preliminary nucleotide analysis of cDNA clones selected from an A431 cDNA library using synthetic 
oligonucleotide probes synthesised on the basis of the receptor amino acid sequence shows that the 

50 predicted carboxyl terminus of the EGF receptor extends 25 amino acids from an amino acid equivalent to 
residue 601 (see Fig. 5) of the predicted v-erb-B protein sequence. This analysis when complete will show 
the precise size and sequence of the presumptive cytoplasmic domain of the EGF receptor. The 
approximate molecular weight of this domain would be 60,000 (or 550 amino acids) since that part which is 
external to the membrane is thought to have a molecular weight of 115,000 (see above) (50). Thus the 

55 cytoplasmic domain would be predicted to be similar in size to that region of the v-erb-B protein which is 
carboxy terminal to a putative transmembrane sequence (see Fig. 5 and (30)) at residues 66-88. This 
carboxy terminal region of v-erb-B would have a molecular weight of 56.000 and would contain 510 amino 
acids. 
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The putative transmembrane sequence of the v-erb-B protein is not preceded by a signal sequence for 
membrane insertion. Nevertheless, immunofluorescence studies of AEV transformed cells show that the v- 
erb-B protein has antigenic sites external to the plasma membrane (59). This external region probably 
corresponds to the 65 residue amino terminal section that precedes the putative transmembrane sequence 

s and contains three asparagine residues which have the oligosaccharide attachment recognition sequence 
asn-x-ser or thr. Some or all of these residues may be glycosylated since in vitro translation studies of 
mRNA from AEV infected cells show that post translationai processing of nascent polypeptides occurs in 
the presence of membrane vesicles (59,60). 

Together these studies suggest that the predicted v-erb-B transforming protein closely resembles the 

10 transmembrane region of the EGF receptor and the domain which is thought to be cytoplasmic. If the v-erb- 
B sequence was acquired from the gene encoding the EGF receptor then the v-erb-B protein represents a 
truncated receptor which lacks the EGF binding domain. It is particularly interesting that studies of EGF 
receptor biosynthesis in A431 cells have suggested that a polypeptide equivalent to the external domain of 
the receptor (of molecular weight 115,000) is synthesised (50) in addition to the normal receptor. Further 

j 5 studies are necessary to understand the origin of this truncated receptor but the results show that defective 
receptors may be synthesised by this human tumour cell line. 

GROW FACTORS AND TRANSFORMATION 

20 Recently it has been shown that the transforming protein of simian sarcoma virus has a close structural 
and functional relationship to the growth factor PDGF (7-10) supporting the hypothesis that autocrine growth 
factor production may be involved in abnormal growth control and neoplasia. These observations together 
with those presented here illustrate two distinct but related mechanisms for subversion of normal growth 
regulation. In the case of SSV the oncogene encodes a growth factor which can act as a mitogen for target 

25 cells having PDGF receptors (10). AEV on the other hand appears to have employed a different mechanism 
where a part of a growth factor receptor which is thought to be involved in transducing the EGF signal may 
be expressed in transformed cells. The absence of the EGF binding domain might remove the control 
generated by ligand binding and the result could be the continuous generation of a signal equivalent to that 
produced by EGF, causing cells to proliferate rapidly. How this could result in the block in differentiation 

30 observed in AEV infected haemopoietic cells (61) is unclear. However EGF has been shown to promote 
proliferation while inhibiting terminal differentiation of human keratinocytes (31). 

The ES4 strain of AEV has two oncogenes v-erb-A and v-erb-B, which are thought to encode proteins of 
MWs 75,000 and 65,000 respectively (for a recent review see 62). Cells transformed by AEV in vitro and in 
vivo have the properties of erythroblasts which are late erythroid progenitors, although the target cells 

35 themselves may be earlier erythroid-precursor cells. AEV can also transform fibroblasts and induce 
sarcomas. Evidence from deletion mutants (63) and from an isolate (AEV-H (30)) which lacks the v-erb-A 
gene suggests that the v-erb-B gene alone can induce transformation. This is supported by studies which 
show that RAV-1, a leucosis virus which has no oncogene, can activate the c-erb-B gene by a promoter 
insertion mechanism (64) perhaps similar to that presently being unravelled for c-myc activation (65-67). It 

40 is possible that RAV-1 could induce expression of a normal receptor or a truncated receptor. EGF receptors 
have not generally been detected on haemopoietic cells by EGF binding studies but since these studies are 
limited in scope and sensitivity a more rigorous survey is needed before conclusions about normal receptor 
expression in different haemopoietic cell types can be made. Although many normal cells express 10- 
100,000 EGF receptors (31) only very low levels of c-erb-B transcripts have been found in normal chicken 

45 fibroblasts (51), however a recent study of normal and neoplastic human lymphocytes suggests that both 
types of cells contain c-erb-B related transcripts. 

Previous reports have shown that the predicted amino acid sequences of the putative viral transforming 
proteins encoded by the oncogenes erb-B , src, yes, fes, fps, mos and abl show regions of homology 
(29,30,69). In the case of src, yes, fes, fps an"d~abi~the "putative transforming~proteins have been shown to 

so have tyrosine kinase activity (reviewed in 29) but as yet those encoded by erb-B (30) and mos have not. 
Since the receptors for EGF and aTGF, PDGF, insulin and IGF-l also have associated tyrosine kinases, the 
structural relationship between the v-erb-B transforming protein and the EGF receptor observed here, we 
believe that other oncogenes from this subset of retroviruses are derived in part from sequences encoding 
these or other growth factor receptors. 

55 The diagnostic methods used in assaying the EGF receptor, its truncations and antibodies thereto are 
conventional. These include the competitive, sandwich and steric inhibition techniques. The first two 
methods employ a phase separation step as an integral part of the method while steric inhibition assays are 
conducted in a single reaction mixture. The methodology for assay of the EGF receptor or its truncations on 
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the one hand and for substances that bind the receptor or its truncations on the other are essentially the 
same, although certain methods will be favoured depending upon the size of the substance being assayed. 
Therefore the substance to be tested is referred to herein as an analyte, irrespective of its status otherwise 
as an antigen or antibody, and proteins which bind to the analyte are denominated binding partners, 

5 whether they be antibodies, receptors or antigens. 

Analytical methods used herein all employ one or more of the following reagents: labelled analyte 
analogue, immobilised analyte analogue, labelled binding partner, immobilised binding partner and steric 
conjugates. The labelled reagents also are known as "tracers". 

The label used is any detectable functionality which does not interfere with the binding of analyte and 

w its binding partner. Numerous labels are known for use in specific binding assays, examples including 
enzymes such as horseradish peroxidase, radioisotopes such as 14 C and 131 1, fiuorophores such as rare 
earth chelates or fluorescein, spin labels and the like. Conventional methods are available to covalently bind 
these labels to proteins or polypeptides. Such bonding methods are suitable for use with EGF receptors, 
their truncations and antibodies thereto, all of which are proteinaceous. 

is Immobilisation of reagents is required for certain assay methods. Immobilisation entails separating the 
binding partner from any analyte which remains free in solution. This conventionally is accomplished by 
either insolubilising the binding partner or analyte analogue before the assay procedure, as by adsorption to 
a water insoluble matrix or surface (Bennich et al., U.S. 3,720.760) or by covalent coupling (for example 
using glutaraldehyde cross-linking), or by insoiublfising the partner or analogue afterward, e.g., by immuno- 

20 precipitation. 

Steric conjugates are used in the steric hinderance method for homogeneous assay. These conjugates 
are synthesised by covalently linking a low molecular weight hapten to a small analyte so that antibody to 
hapten substantially is unable to bind the conjugate at the same time as anti-analyte. Under this assay 
procedure the analyte present in the test sample will bind anti-analyte, thereby allowing anti-hapten to bind 

2$ the conjugate resulting in a change in the character of the conjugate hapten, e.g., a change in fluorescence 
when the hapten is a fluorophore. 

Other assay methods, known as competitive or sandwich assays, are well established and widely used 
in the commercial diagnostics industry. 

Competitive assays rely on the ability of a labelled analogue (the "tracer") to compete with the test 

30 sample analyte for a limited number of binding sites on a common binding partner. The binding partner 
generally is insolubilised before or after the competition and then the tracer and analyte bound to the 
binding partner are separated from the unbound tracer and analyte. This separation is accomplished by 
decanting (where the binding partner was preinsolubilised) by centrifuging (where the binding partner was 
precipitated after the competitive reaction). The amount of test sample analyte is inversely proportional to 

35 the amount of bound tracer as measured by the amount of marker substance. Dose-response curves with 
known amounts of analyte are prepared and compared with the test results in order to quantitatively 
determine the amount of analyte present in the test sample. These heterologous assays are called ELISA 
systems when enzymes are used as the detectable markers. 

Another species of competitive assay, homogeneous assay, does not require a phase separation. Here, 

40 a conjugate of an enzyme with the analyte is prepared so that when anti-analyte binds to the analyte the 
presence of the anti-analyte modifies the enzyme activity. In this case, the receptor or its immunologically 
active fragments are conjugated with a bifunctional organic bridge to an enzyme, such as peroxidase. 
Conjugates are selected for use with anti -receptor so that binding of the anti-receptor inhibits or potentiates 
enzyme activity. This method per se is widely practiced under the name EMIT. 

45 Sandwich assays particularly are useful for the determination of the analytes hereof. In sequential 
sandwich assays an immobilised binding partner is used to adsorb test sample analyte, the test sample is 
removed as by washing, the bound analyte is used to adsorb labelled binding partner and bound material 
then separated from residual tracer. The amount of bound tracer is directly proportional to test sample 
analyte. In "simultaneous" sandwich assays test sample is not separated before adding the labelled binding 

so partner. 

The foregoing are merely exemplary assays for the analytes herein. Other methods now or hereafter 
developed for the determination of these analytes are included within the scope hereof. 



55 
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FIGURE LEGENDS to Figs 1-5 

Figure 1 . Immunopurification of EGF receptor from A431 cells and human placenta. 

5 Approximately 2 x 10 9 A431 cells were washed in calcium and magnesium free phosphate buffered 
saline (PBS) and solubilised In 400 ml lysis buffer (50 mM Tris HCI pH 7.4, 0.15 M NaCI, 5 mM EGTA, 
0.1% bovine serum albumin, 1% NP40, 25 mM benzamidine, 0.2 mM PMSF, 10 ug/ml leupeptin). After 
filtration through muslin the lysate was adjusted to pH 8.5 and centrifuged at 100,000g max for 30 minutes. 
The supernatant was incubated for 2 hours at 4*C with immunoaffinity matrix, which consisted of 15 mg of 

70 monoclonal antibody R1 (34) coupled to 15 ml of Affi-Gel 10 (BioRad). Unbound lysate was removed by 
suction through a 0.4 micron filter. The matrix was then washed by gentle agitation and filtration with 500 ml 
PBS, containing 0.65 M NaCI and 0.1% NP40, followed by 500 ml PBS, containing 0.1% NP40. The EGF 
receptor was eluted by gentle agitation and filtration of the matrix with 2 x 10 ml aliquots of 50 mM sodium 
citrate pH 3, containing 0.05% NP40 for 10 minutes each. Eluates were adjusted to pH 7. The yield of 

15 receptor was approximately 250ug (measured by Bradford technique (70) or by amino acid analysis after 
gel permeation HPLC (vide Infra)). Alternatively EGF receptor was purified from A431 cells using mon- 
oclonal antibody 29-1 (38) coupled to CNBr-activated Sepharose (Pharmacia) at 5-10 mg/ml. The purifica- 
tion procedure used was similar to that described for the R1 immunoaffinity matrix except that the EGF 
receptor was phosphorylated whilst bound to the matrix with 50 uCKy-^PJ-ATP (3,000 Ci/mmol, Amersham 

20 International) In the presence of 3 mM MnCb. Eluted receptor was further purified by preparative SDS gel 
electrophoresis, followed by dialysis against 10% methanol at 4*C. For purification of placental EGF 
receptor, vesicles were made from syncytiotrophoblastic microvilli by a modification of the method of Smith 
et al. (71), using 2 mM EGTA in all buffers. Vesicles were solubilized by addition of an equal volume of 100 
mM Hepes pH 7.4, 0.15 M NaCI and 5% Triton X-100. After centrifuging at 100,000g ma x for 30 minutes the 

25 supernatant was incubated for 1 hour at room temperature with 200 mg wheat germ agglutinin coupled to 
10 g of Affi-Gel (BioRad). The lectin matrix was washed by filtration through a 0.4 micron filter with 100 ml 
of PBS, containing 0.1% Triton X-100. Bound protein was eluted by agitation and filtration with 2 x 15 ml 
aliquots of 0.25 M N-acetylglucosamine in 10 mM Hepes pH 7.4, 0.1% Triton X-100 for 15 minutes each. 
The eiuate was incubated with R1 Immuno-affinity matrix (15 mg antibody per placenta) for 2 hours at 

30 20 " C, followed by extensive washing and elution as described above for receptor purification from A431 
cells. The yield of EGF receptor per placenta was 25 ug (measured by Bradford technique (70) and amino 
acid analysis after gel permeation HPLC (vide infra)). 

Solutions containing EGF receptor were lyophilized and resuspended in 0.5 M Tris HCI pH 8.5, 6 M 
guanidine hydrochloride (Schwarz-Mann) at 0.5-1 mg/ml. After incubation at 37 °C for 16 hours with 10 mM 

35 dithiothreitol, cysteine residues were alkylated with [ H C]-iodoacetamide (40-60 mCi/mmol, Amersham 
International) as described previously (44). 

(A) Purification by gel permeation: Reduced and alkylated receptor was purified on a TSK4000 column 
(0.7 x 60 cm, LKB) using 0.1 M polassium dihydrogen phosphate buffer pH 4.5 containing 6 M guanidine 
HCL at a flow rate of 0.5 ml/min (43). The absorbance of the eiuate was monitored at 280 nm (molecular 

40 weights of protein standards are indicated) and 0.25 ml fractions were collected. Fractions containing 
EGF receptor were dialyzed against 10 mM ammonium bicarbonate. Panels B-D show 7% 
polyacrylamide SDS gels (72) used to monitor purification (molecular weight (x 10~ 3 ) of protein 
standards are indicated). 

(B) R1 purified A431 EGF receptor: track 1 , pH 3 eiuate from R1 immunoaffinity matrix; track 2, eiuate 
45 from the TSK4000 column 

(C) 29-1 purified A431 EGF receptor: track 1 , pH 3 eiuate from 29-1 immunaffinity matrix: track 2, eiuate 
from SDS preparative gel electrophoresis. 

(D) Lectin and R1 purified placental EGF receptor: track 1 , placental vesicles; track 2, eiuate from lectin 
affinity matrix; track 3, eiuate from R1 immunoaffinity matrix; track 4, eiuate from the TSK4000 column 

so 

Figure 2. Reverse phase HPLC analysis of tryptic peptides from EGF receptor purified by three different 
affinity methods. 

A. Immunoaffinity purified A431 receptor , EGF receptor was purified from A431 cells using the 
55 monoclonal antibody R1 and then gel permeation chromatography In guanidine solutions as described in 
Fig. 1. Pooled fractions containing the 175,000 MW EGF receptor were dialyzed against 10 mM 
ammonium bicarbonate, lyophilized and resuspended in 500 ul of 100 mM ammonium bicarbonate, 10 
mM CaCb. TPCK treated trypsin (Sigma) was then added (100:1, receptor:trypsin, w/w). This mixture 
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was incubated at 37 *C for 12 hours, a further identical aliquot of trypsin added and the incubation 
continued for another 12 hours. Peptides were then loaded directly onto a Synchropak RPP C18 reverse 
phase HPLC column (Synchrom, Linden, Indiana, 4.6 x 75 mm) equilibrated in 0.1% trifluoroacetic acid 
(TFA, Rathburn, Scotland) over 45 minutes at 1 ml/min and 1 ml fractions collected (46). A Waters HPLC 
5 system including two M6000 A pumps, a U6K manual injector, a 660 solvent programmer with 2 LKB 
21 38 Uvicord S absorbance detectors with filters at 206 nm and 280 nm was used (45). The figure shows 
the optical density of the eluate at 206 nm plotted against acetonitrile concentration. 

B. EGF affinity purified receptor, EGF receptor was purified from A431 cells using wheat germ agglutinin 
affinity chromatography followed by EGF affinity chromatography (26). A431 cells were lysed as 

10 described in the legend to Fig. 1. Purification of this lysate on the WGA affinity column was identical to 
that described for the placental preparation (Fig. 1). The eluate from the WGA affinity column was mixed 
with 5 ml of Affi-Gel 10 (BioRad) having 1 mg of bound EGF. The mixture was tumbled for four hours at 
room temperature prior to washing the immobilized EGF receptor with 100 ml of PBS, 0.1% Triton X- 
100. Receptor was then eluted with 10 mM ethanolamine, pH 9.7, 0.1% Triton X-100. This eluate was 

75 further purified on a TSK4000 gel permeation column as described In Fig. 1. Fractions containing EGF 
receptor were pooled, dialyzed, lyophilized and trypsinized as described for A above. The resulting 
tryptic peptides were separated by reverse phase HPLC under identical conditions to those described 
above. 

C. Immunoaffinity purified placental receptor, EGF receptor was purified from fresh term human placenta 
20 as described In the legend to Fig. 1 . The receptor was digested with trypsin and peptides separated by 

reverse phase HPLC as described above. 

Figure 3. Purification of peptides from EGF receptor for sequence analysis. 

25 A. Cyanogen Bromide cleavage and fractionation of peptides by size 

32 P-labelled EGF receptor in ammonium bicarbonate solution was lyophilized and resuspended in 
70% formic acid. Cyanogen bromide was added under nitrogen, the tube sealed and incubated in the 
dark at room temperature for 24 hours. Formic acid and excess cyanogen bromide were removed by 
repeated cycles of drying and resuspension In water using a Speed-vac concentrator (Savant). The dry 

30 sample was resuspended In 0.1 M KH 2 P0 4 buffer, pH 4 containing 6 M guanidine HCI and the peptides 
separated by gel permeation HPLC on a TSK3000 column (0.7 x 60 cm, LKB) equilibrated In the same 
buffer at a flow rate of 0.3 ml/min (43). The absorbance of the eluate was monitored at 280 nm (--) and 
0.3 ml fractions collected and counted for ^P (-..-). Molecular weights (x 10" 3 ) of protein standards are 
Indicated. 

35 B. Subfractionation of cyanogen bromide fragments 

The peak from the TSK3000 column containing most of the 32 P-label was pooled and dialyzed 
against 10 mM NH4.HCO3. After lyophilization, the sample was redissolved In 0.1% TFA and peptides 
separated by reverse phase HPLC on a Synchropak RPP C18 (see Fig. 2) column equilibrated In 0.1% 
TFA, 10% acetonitrile (45,46). A gradient of 10-40% acetonitrile run over 60 minutes was used to elute 

40 peptides, at a flow rate of 1 ml/min. The absorbance of the eluate was monitored at 206 nm (~) and 1 ml 
fractions were collected and counted for 32 P-label (-..-). 
C-F. Separation of tryptic peptides. 

C. The fractions corresponding to 23-24% acetonitrile from the HPLC analysis of A431 EGF receptor 
tryptic peptides were pooled. Peptides were further purified by reverse-phase HPLC on a Synchropak 

45 RPP C18 column equilibrated In 10 mM ammonium acetate buffer pH 6.5. A linear gradient of 0-45% 
acetonitrile was run over 45 minutes at a flow rate of 1 ml/min. The absorbance of the eluate was 
monitored at 206 nm and 0.5 ml fractions collected. 

D. The fractions corresponding to 19-20% acetonitrile from the reverse-phase HPLC purification of A431 
EGF receptor tryptic peptides of (Fig. 2A) were pooled. Peptides were separated as described in C. 

50 E. The peak fractions arrowed in D were pooled and peptides subfractionated by reverse-phase HPLC on 
a u Bondapak phenyl column (4.6 x 25 cm, Waters Assoc.) equilibrated in 0.1% TFA. A linear gradient of 
0-45% acetonitrile over 45 minutes was used to elute peptides, at a flow rate of 1 ml/min. The 
absorbance of the eluate was monitored at 206 nm and 0.2 ml fractions collected. 

F. The fractions corresponding to 27-28% acetonitrile concentration from the reverse-phase HPLC 
55 analysis of placental EGF receptor tryptic peptides (Fig. 2C) were pooled. Peptides were subfractionated 

as described in C. 

G. The fractions corresponding to 25-26% acetonitrile from the reverse-phase HPLC purification of A431 
EGF receptor tryptic peptides (Fig. 2A) were pooled. Peptides were subfractionated as described in C. 
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H. The fractions corresponding to 21-22% acetonitrile from the reverse-phase HPLC analysis of A431 
EGF receptor tryptic peptides (Fig. 2A) were pooled. Peptides were subtraction ated as described In C. 

Figure 4. Sequence analysis of peptides from the EGF receptor 

5 

Peptides were purified as described in Fig. 3. Sequences determination of each peptide was carried out 
using a gas phase sequencer assembled and operated as described by Hewick et aL, (47). PTH amino 
acids were analyzed by HPLC using a Zorbax C8 column (4.6 x 150 mm, Dupont) at 43 'C with a linear 
gradient over 8 mins of acetonitriie from 24% to 38% at a flow rate of 1 ml/min using 9 mM sodium acetate 

w buffer pH 4.1 (48). A Waters HPLC system Including two M6000 A pumps, a WISP autoinjector and system 
controller with a Beckman Model 160 detector was used. The recovery of PTH amino acids at each 
degradative cycle was measured using an integrative recorder (Waters Data module). The amounts of each 
peptide analysed were measured by the recovery at step 1 during amino acid sequencing. The analysis for 
serine and threonine could not be accurately measured due to the presence of multiple peaks obtained 

75 during analysis of the PTH amino acids. The presence of these amino acids is thus indicated without 
quantitative data; these residues are assigned to the sequence using semi-quantitative recovery data based 
on peak heights rather than areas. Prior to loading peptides, fibre glass disks were treated with polybrene 
and glycylglycine and precycled for ten cycles. Each peptide was sequenced twice; on the second run of 
peptide EGRC.1 filters were treated with polybrene and cysteic acid and precycled ten times to clarify the 

20 assignment of an amino terminal glycine residue, however the background glycine at step 1 is still 
significant and this residue may be incorrect. 

Fig. 5. The relationship between the amino acid sequences of the EGF receptor peptides and the predicted 
amino acid sequences of the putative transforming proteins of v-src and v-erb-B. 



The predicted amino acid sequence of the v-src gene product (pp60 v_src ) is translated from the 
presumptive initiation codon at nucleotide 7,129 of the Prague C strain of Rous sarcoma virus (73). The 
predicted amino acid sequence of the v-erb-B gene product is translated from the presumptive initiation 
codon at nucleotide 155 of the v-erb-B gene In AEV-H (30). The partial amino acid sequences of the six 

30 peptides purified from the EGF receptor are shown (underlined): 1, EGRT.1; 2, PTER.1; 3, EGRT.10; 4, 
EGRT.2; 5, EGRC.1; 6, EGRT.9. Letters In bold type represent homologous residues between pp60 v_src and 
the v-erb-B protein. Residues homologous between the EGF receptor peptides and v- erb-B protein or 
pp60 v_src are in bold type. • indicates amino acid residues which are common to the putative transforming 
proteins of v-erb-B, v-src, v-fes, v-fps, v-yes and v-abl. + indicates the phosphoacceptor tyrosine of 

35 pp60 v_src (74). An arrowhead indicates"] possible N-linked glycosylation sites at the amino terminus of the v- 
erb-B protein. ■ indicates the putative transmembrane sequence in the v-erb-B protein. * indicates amino 
acid residues which would be expected to produce enzymatic or cyanogen bromide cleavages to generate 
the observed peptides. Numbers to the left of the sequences are residue numbers taking the presumptive 
initiation methionine as 1 in both cases. Sequences were aligned using a computer programme (75) to 

40 optimise homology. 

The invention should not be construed as limited to the scope of the following Examples, but rather is 
defined by the claims. 

EXAMPLE 1 

45 

Generation of Antisera Against a Predetermined EGF Receptor Amino Acid Sequence 

A polypeptide corresponding to amino acid residues 984-996 of the EGF receptor (DDWDADEYLIPQ) 
was synthesised according to the Merrifield solid phase synthesis technique (R. Merrifield 1963, "J. Am. 

50 Chem. Soc." 85, 2149-2154) with some modifications (R. Buchta, 1982, Chemical Studies on proposed 
calcium binding sites of polypeptides, M.Sc. Thesis, Fineberg Graduate School, Weizmann Institute of 
Science, Rehovot, Israel). These residues represent a polypeptide sequence located just C-terminal to the 
region of EGF receptor homology shared by the putative kinase domain of the SVC gene family. Following 
separation of the completed peptide from the resin by cleavage with HF, the peptide was partially purified 

55 by gel filtration with G-15 (Sephadex). The sequence was confirmed by gas phase sequencing. 
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Immunization 



The peptide was conjugated to KLH (Keyhole limpet hemocyanin, Calbiochem) by using 1 -ethyl-3-(3'- 
dimethylaminopropyI)carbodiimide:HCI (EDCI). KLH dialysed against PBS, pH 7.2, was mixed with 40 times 
5 molar excess of the peptide dissolved in PBS. After mixing at room temperature for five minutes, EDCI (10 
x molar excess over the peptide) in H2O was added to start the reaction which was mixed overnight at room 
temperature. The resulting complex was dialysed against PBS. One mg of this conjugate was emulsified 
with complete Freund's adjuvant and injected subcutaneously into multiple sites of two rabbits. Two boosts 
in incomplete Freund's adjuvant two weeks apart were also injected subcutaneously. Two weeks following 
10 the last injection the rabbits were bled and RK-2 antiserum recovered. 

This antiserum was found to not interfere with the kinase activity of the receptor. 
Other antisera having differing specificities are obtained by conjugating EGF receptor polypeptides, 
generally about from 5 to 20 residues in length, to KLH or other suitable immunogenic proteins such as 
bovine serum albumin and immunising rabbits, mice or other animals. The conjugation generally will be 
15 effected through amino, hydroxyphenyl, carboxyl or sulfhydryl groups found on the polypeptide and the 
protein using well-known bifunctional crosslinking agents such as those described in the Table below. 

TABLE 

20 

P'eptidyl or Protein 
Reactive Group(s) 
-NH 2 

25 

-NH 2 

0 
II 

30 -C-NH 2 

-NH 2 ; SH 
-COOH 

35 

-COOH 

The antisera raised upon immunisation are then screened for their ability to cross-react with native EGF 
40 receptor. Spleen cells from immunised mice are harvested, fused with tumour cells and cultured in 
conventional fashion in order to produce monoclonal antibodies. 

EXAMPLE 2 

45 Immunoassay For Truncated EGF Receptor in Human Test Samples 



Tumour cells were washed twice with PBS (phosphate buffered saline) and solubilised in 1 ml of 
solubilisation buffer containing: 20 mM MgCb, 1.0 mM EDTA, 1 percent aprotinin. The solubilised cells 
were centrifuged in an Eppendorf centrifuge for 10 minutes at 4*c. The supernatant was diluted to a final 

50 concentration of 0.1 percent Triton X-100 and 300 ul of this solubilised cell preparation was incubated 
overnight at 4 * C with an excess of an immune complex made by adsorbing human EGF to a polyclonal 
rabbit anti-human EGF antisera adsorbed on Sepharose-protein A. Parenthetically, it is preferable in place of 
immobilised EGF to use an antibody raised against a sequence within (or all of) the first about 500 residues 
of the EGF receptor principally because some of the receptors in biological samples can be expected to 

55 already be bound to EGF and therefore not have an available EGF binding site, any excess anti-human EGF 
antiserum over EGF will have the capability to bind receptor-bound EGF, but the kinetics of this reaction 
may be undesirable, suitable antibody will be identified readily by its resistance to competition by EGF for 
receptor binding. Use of this antibody will result in a more sensitive assay. 



Coupling Agent 
glutaraldehyde 

succinic anhydride 



Peptidyl or Protein 
Reactive Group(s) 
-NH 2 ; - OH 

-NH~ 



^ 2 « 1111 2 ' ^^^2 
R'N = C = NR 

soci 2 

N-hydroxysuccinimide 



-NH 2 ; -SH; -OH 
-COOH 
-COOH 
-NH~ 
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The supernatant cell preparation was recovered by centrifugation and then incubated at 4*C for 30 
minutes with Sepharose- Protein A adsorbed RK-2 antisera in order to bind truncated EGF receptor. The 
Sepharose immunoadsorbent then was incubated with radioiodinated Fab fragments of RK-2 antisera 
prepared in conventional fashion by purifying the enzyme digested antisera and iodinating the fragments 

5 with 125 1 using the chioramine T procedure. The unadsorbed tracer Fab fragments were washed from the 
Sepharose and the remaining radioactivity determined in a commercial gamma counter as a measure of the 
truncated receptors present, if any. Placental cells were used as contols. 

This Example was repeated with modifications for the determination of truncated EGF receptor in blood 
serum from patients suspected of harbouring cancer. Patient serum was passed through a column packed 

10 with a Sephadex-adsorbed immune complex of polyclonal rabbit anti-human EGF anti-serum and human 
EGF. Alternatively usable and preferred are antisera raised against a polypeptide from within, or against all 
of the first about 500 residues of the mature EGF receptor as is further described above. The eluted serum 
then is assayed in a competitive immunoassay in which radioiodinated EGF receptor is allowed to compete 
with any truncated EGF receptor in the test sample for Sepharose- Protein A adsorbed RK-2 antisera, the 

15 Sepharose washed and the radioactivity in the eluate or Sepharose then determined. The v-erbB protein of 
AEV-H, pST 1 ** ( T. Yamamoto et al, 1983 "Cell" 35: 71-78), is a suitable positive control because RK-2 
cross-reacts with v-erbB. 

EXAMPLE 3 

20 

Determination of EGF Receptor Population in Human Test Samples 

Buffered dilutions of human serum from patients suspected of harbouring cancer were prepared. RK-2 
adsorbed, pooled normal serum and solubilised A431 EGF receptors served as negative and positive 

25 controls, respectively. EGF receptors shed into the serum by tumour cells were detected by incubating the 
serum dilutions in polystyrene test tubes or microtiter wells which had been coated sequentially in 
conventional fashion with goat anti-rabbit IgG and then RK-2 antiserum. Alternatively, an immune precipitate 
of these antibodies may be employed in place of immobilisation onto polystyrene test tubes. After an 
overnight incubation the tubes were washed to remove unadsorbed sample and then a buffered solution of 

30 an excess of radioiodinated Ri monoclonal antibody is added to the test tube. Ri is an antibody that 
recognises the outer glycosylated portion of the EGF receptor as described in M. Waterfield et al., "J. Cell. 
Biochem." 30: 753-757 (1982). An antiserum or antibody having the characteristics of Ri is preferred as it 
binds to an - EGF receptor site that is spatially separated from the cytoplasmic domain to which RK-2 is 
directed and it is not believed to be competitively inhibited by EGF in binding to the receptor. Such 

35 antiserum is prepared in accordance with known procedures as noted above. 

Unbound tracer is removed from the test tube by decanting and washing. The radioactivity in the 
decanted solution or that which remains bound to the test tube is compared against the results of a plot of 
known solubilised EGF receptor concentrations and the serum concentration then calculated. Consistently 
elevated concentrations of receptor, compared to controls, are an incidia of potential unknown neoplasm, or 

40 further growth or metastasis of a known neoplasm. 
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Claims 

25 1. A method of diagnosis for the detection of abnormalities in mammalian cell growth comprising obtaining 
a test sample from a human and assaying the sample for a truncated epidermal growth factor receptor 
having at least a portion of its mature amino terminus deleted and correlating detection of said 
truncated growth factor receptor with abnormal growth control in mammalian cells. 

30 2. A method according to claim 1 wherein the portion of the amino terminus which was deleted contained 
the receptor's growth factor binding domain. 

3. A method according to claim 1 or 2 wherein the test sample is body fluid, tissue sample or cultured 
tumour explant cells. 

35 

4. A method according to any one of the preceding claims wherein the truncated growth factor receptor 
exhibits protein phosphokinase activity which is unregulated by its growth factor. 

5. A method according to any one of the preceding claims wherein the test sample is assayed by 
40 immobilising a substance capable of specifically binding to the growth factor receptor's growth factor 

binding domain or its adjacent regions, contacting the test sample with the immobilised substance 
under conditions permitting adsorption from the test sample of growth factor receptor, separating the 
unadsorbed test sample and thereafter determining the truncated growth factor receptor remaining in 
the test sample. 

45 

6. A method according to claim 5 wherein the binding domain and its flanking regions are about the first 
500 amino acid residues of the mature receptor. 

7. A method according to claim 5 or 6 wherein the substance is a growth factor, an antibody capable of 
so binding to the growth factor binding domain of the growth factor receptor, or an antibody capable of 

binding the growth factor when the growth factor is bound to the receptor. 

8. A method according to any one of the preceding claims wherein the test sample is blood serum. 
55 Patentanspriiche 

1- Diagnoseverfahren zum Nachweis von Abnormalitaten im Wachstum von Saugerzellen, dadurch ge- 
kennzeichnet, daB es den Erhalt einer menschlichen Probe und die Analyse der Probe auf einen 
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verkurzten, epidermalen Wachstumsfaktorrezeptor, der mindestens einen deletierten Teil seines reifen 
Amminoterminus aufweist, und die Korrelation des Nachweises des verkurzten Wachstumsfaktorrezep- 
tors mit der abnormalen Wachstumskontrolle in Saugerzellen umfaBt. 

5 2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB der Teil des Amminoterminus, der deletiert 
worden ist, in der Wachstumsfaktor-Bindungsdomane der Rezeptors enthalten ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Probe eine Korperflussigkeit, 
eine Gewebeprobe oder geztichtete Zellen eines Tumorexplantats ist. 

4. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB der verkurzte 
Wachstumsfaktorrezeptor eine Proteinphosphokinaseaktivitat aufweist, die nicht durch dessen Wachs- 
tumsfaktor regutiert wird. 

15 5. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennezeichnet, daB die Probe durch 
Immobilisierung einer zur spezifischen Bindung an die Wachstumsfaktor-Bindungsdomane des Wachs- 
tumsfaktorrezeptors oder an deren benachbarten Bereiche befahigten Substanz, durch Inkontaktbringen 
der Probe mit der immobilisierten Substanz unter Bedingungen, die die Adsorption des Wachstumsfak- 
torrezeptors aus der Probe ermoglichen, durch Abtrennen der nicht-adsorbierten Probe und anschlie- 

20 Bend durch Bestimmung des in der Probe verbleibenden, verkOrzten Wachstumsfaktorrezeptors unter- 
sucht wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB die Bindungsdomane und deren flankieren- 
de Bereiche etwa die ersten 500 Amminosaurereste des reifen Rezeptors sind. 

25 

7. Verfahren nach Anspruch 5 oder 6, dadurch gekennzeichnet, daB die Substanz einen Wachstumsfak- 
tor, ein zur Bindung an die Wachstumsfaktor-Bindungsdomane des Wachstumsfaktorrezeptors befahig- 
ten Antikorper oder ein zur Bindung des Wachstumsfaktor befahigten Antikorper, wenn der Wachs- 
tumsfaktor an den Rezeptor gebunden ist, darstellt. 

30 

8. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB die Probe Blutse- 
rum ist. 

Revendications 

35 

1. line methode de diagnostic pour la detection des anomalies dans la croissance de cellules de 
mammiferes, comprenant I'obtention d'un echantillon a tester a partir d'un humain et I'essai de 
Techantillon pour un recepteur de facteur de croissance epidermique tronque ayant au moins une partie 
de son extremity aminoterminale mature deletee et la mise en correlation de la detection dudit 

40 recepteur de facteur de croissance tronque" avec une anomalie du controle de la croissance dans des 
cellules de mammiferes. 

2. Une methode selon la revendication 1, dans laquelle Textr^mite* aminoterminal qui a 6te* debtee 
contenait le domaine de liaison avec le facteur de croissance du recepteur. 

45 

3. Methode selon la revendication 1 ou 2, dans laquelle Techantillon a tester est un fluide corporel, un 
echantillon de tissu ou des cellules tumorales cuitivees provenant d'un prelevement. 

4. Methode selon Tune quelconque des revendications pr6c6dentes, dans laquelle le recepteur de facteur 
50 de croissance tronque possede une activite de proteine phosphokinase qui est non-regulee par son 

facteur de croissance. 

5. Methode selon Tune quelconque des revendications pr6c6dentes, dans laquelle l^chantillon a tester 
est soumis a un essai par immobilisation d'une substance capable de se Her specifiquement avec le 

55 domaine de fixation avec le facteur de croissance du recepteur, ou ses regions adjacentes, mise en 
contact de Techantillon a tester avec la substance immobilisee dans des conditions permettant 
Tabsorption du recepteur de facteur de croissance de Techantillon a tester, la separation de Techantil- 
lon a tester non adsorbed puis la determination du recepteur de facteur de croissance tronque" restant 
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dans I'echantillon a tester. 

6. Methode selon la revendication 5, dans laquelle le domaine de fixation et ses regions flanquantes 
constituent environ les 500 premiers residus d'acides amines du recepteur mature. 

5 

7. Une methode selon la revendication 5 ou 6, dans laquelle la substance est un facteur de croissance, un 
anticorps capable de se Her au domaine de liaison avec le facteur de croissance du recepteur pour le 
facteur de croissance, ou un anticorps capable de se lier avec le facteur de croissance lorsque le 
facteur de croissance est lie au recepteur. 

w 

8. Methode selon Tune quelconque des revendications precedentes, dans laquelle I'echantillon a tester 
est un serum sanguin. 
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